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opening of a container (20) with the foil. The sealing 
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Description 

BACKGROUND OF THE INVENTION 

I.Reldofthe Invention s 

The present invention relates to an induction seal- 
ing apparatus which seals a foil sheet or liner to the 
opening of a container and more particularly to an 
induction sealing apparatus which is air cooled. 10 

Induction sealing units tor sealing, hermetically 
sealing or tamper-proof sealing a container with a foit is 
liner are typically included in conveyor systems for high 
volume applications. These systems usually have flat or 
tunnel sealing heads mounted above a conveyor, which 
conveyor carries a plurality of containers to be sealed 
into proximity with the sealing head. 20 

The containers to be sealed are preconditioned to 
include a foil liner disposed over the opening of the con- 
tainer. Usually, the foit liner is held in place by a screw- 
on or snap-on cap as is known in the art. Sometimes a 
wax compound and a papertsoard portion are included 25 
above the foil liner. 

Once the preconditioned container Is brought within 
a predetermined distance from the sealing head, a coil 
within the sealing head produces an electromagnetic 
field near the foil liner which is disposed within the cap. so 
The electromagnetic flux produced by the field causes 
current to f tow in the foil liner which causes the foil liner 
to heat and melt the lip of the container (and wax com- 
pound if used): The molten plastic adheres the foil liner 
to the opening of the container and. when the plastic 35 
cools, a seal is produced. The downward force supplied 
by the cap ensures a proper bond between the foil liner 
and the opening of the container, particutariy when the 
molten plastic Is cooling. 

. Typically, power supplies which include solid state 40 
switching circuits generate high frequency currents for 
delivery to the coil within the sealing head to produce 
the requisite electromagnetic field for heating the foil 
liner. In addition, the coil in the sealing head is disposed 
around dense ferrite materials to channel the electro- 45 
magnetic field and direct the field flux towards the foil 
liner for Improved performance. Generally, the power 
supplies deliver approxinnately 2 to 4 kilowatts of power 
to the sealing head in order to properly seal the con- 
tainer. 50 

In conventional systems, high currents are pro- 
duced in the coil of the sealing head and, due to the rel- 
atively high resistance of the coil, results in a drastic 
elevation of the temperature of the coir and any sur- 
rounding structures. Therefore, the induction sealing ss 
units of the prior art employ hollow copper tubing when 
forming the coil in the sealing head to permit cooling 
water to flow through the hollow copper tube coil and 



cool the sealing head. 

Unfortunately, the water cooling systems which cod 
the sealing heads (via hollow copper tubinc- coils) are 
expensive, bulky and inefficient. Such water cooling 
systems require tubing, radiators, radiator fans, circula- 
tors, pumps and the like in order to adequately cod the 
system. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide an induction sealing unit which does not 
require expensive and bulky water cooling systems. 

Another object is to provMe such an induction seal- 
ing head which includes an air cooled sealing head. 

A further object of the present Invention to provkie 
an induction sealing head which Is more energy effl- 
dent. 

(t is also an object to provide such an Induction 
sealing head that is easy to use. manufacture and main- 
tain. 

H has been found that the above and other objects 
of the present invention are attained in a cap sealing 
unit having a frame; a ferrite core disposed within the 
frame; and a litz wire coil disposed proximate to the fer- 
rite core for produdng an electromagnetic field within 
the ferrite core. The ferrite core and litz wire coil are 
preferably adapted to direct the electromagnetic field 
toward a foil to seal an opening of a container with the 
fdl. 

The cap sealing unit may also include a heatsink 
coupled to the housing, where at least part of the fenlte 
core is bonded or operatlvely coupled to the heatsink for 
transfenrlng heat thereto. 

According to another aspect d the inventfon. the 
cap sealing unit indudes a ferrite core; a litz wire coil 
having a resistance, the coil being disposed proximate 
to the ferrite core produdng an Indudance; a tuning 
capacitor operatlvely coupled In series with the cdl 
forming a resonant drcuit having a resonance fre- 
quency; and a power supply unit adapted to provkHe out-" 
put current at an output frequency to the tuned drcuit. 
the power supply unit including a control drcuit adapted 
to control the output frequency to substantially match 
the resonance frequency of the resonant circuit. 

Other features and advantages of the present 
Invention will become apparent from the following 
description of the invention which refers to tiie accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

For the purpose of illustrating the invention, there 
are shown in the drawing embodiments which are pres- 
ently preferred, it being understood, however, that the 
invention is not limited to the precise arrangements and 
insfrumentallties shown. 
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Rg. 1 shows a perspective view of an induction 
sealing conveyor system employing an air cooled 
sealing head in accordance with the present inven- 
tion: 

Rg. 2a is a front elevatlonal view of an Induction s 
sealing unit employing the air cooled sealing head 
of the present invention; 

Rg. 2b is a side elevational view of the induction 
sealing unit of Rg. 2a: 

Fig. 2c is a front elevational view of an alternative 
design of the induction sealing unit of Rg. 2a: 
Rg. 2d is an elevational view of another alternative 
design of the induction sealing unit of Rg. 2a; 
Fig. 3 is a side elevational view of an embodiment 
of the sealing head of the present invention: 
Figs. 3a-3g are side elevational views of alternative 
embodiments of the sealing head of Fig. 3; 
Fig. 4a is a bottom plan view of the coll and ferrite 
core of the sealing head of the present invention; 
Fig. 4b is a side elevational view of Fig. 4a which 
includes a schematic representation of the flux lines 
of an electromagnetic field produced by the coil and 
ferrite core of the sealing head; 
Fig. 5a is a side elevational view of the ferrite core 
anangement of the sealing head of the present 
invention; 

Fig. 5b shows a top view of the ferrite core arrange- 
ment of Fig. 5a: 

Rg. 5c shows a side view of the fenlte core 
arrangement of Fig. 5a; 

Figs. 6a and 6b show exploded views of the sealing 
heads of Figs. 3 and 3a. respectively; 
Fig. 7 shows a block diagram of a preferred power 
supply for driving the sealing head of the present 
invention: and 

Rgs. 8a-8d show a schematic diagram of one pre- 
ferred implementation of the power supply of Rg. 7. 

DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENT 

Referring now to the drawings wherein like numer- 
als indicate like elements, there is shown in Fig. 1 an 
Induction sealing conveyor system 10. The induction 
sealing conveyor system 10 includes an induction seal- 
ing unit 100. an adjustment mechanism 300, a conveyor 
400, and a base 500. The adjustment mechanism 300 
adjustably couples the Induction seating unit 100 to the 
base 500. Thus, the induction sealing unit 100 may be 
raised or lowered with respect to the base 500 and the 
conveyor 400 for insuring that the induction seating unit 
is the proper distance from a container (not shown) to 
be sealed which travels down tiie conveyor 400. The 
adjustment mechanism 300 and the conveyor 400 are 
well-known in the art and any of the known adjustment 
mechanisms and conveyors can be used with the induc- 
tion sealing unit 100 of the present Invention. 

With reference to Fig. 2a. the Induction sealing unit 



comprises a housing 102 and start and stop switches 
110 disposed on the housing 102 for activating and 
deactivating the induction sealing unit 100. The compo- 
nents within the housing 102 include a fan 1 04. a capac- 
itor 106. a transtormer 108. a seafing head 120 and a 
power supply (not shown), the operation of which will be 
described below. The seating head 120 extends from 
the bottom of the housing 102. 

Rg. 2b shows a side elevational view of the sealing 
head 120 extending from the t)Ottom of the housing 102 
and Fig. 3 shows an enlarged view of the same. It is 
noted that the capacitor 106 preferably includes a heat- 
sink 106a having fins for air cooling the capacitor 106. 

With reference to Fig. 3. the sealing head 120 is 
adapted to receive at least a portion of a container 20, 
preferably a top portion 20a. As shown, the top portion 
20a includes a lip 24 forming an opening in the con- 
tainer 20. a foil liner 23, d wax compound 22, a paper- 
board portion 22a, and a cap 21. It is preferred, 
however, that the top portion of the container 20a only 
include the lip 24 and the foil liner 23 disposed in the 
cap 21. 

The induction sealing unit 100 seals the container 
20 by sealing the foil liner 23 to tiie lip. 24 of the con- 
tainer. In use. the cap 21 including the foil liner 23 is 
screwed on the container 20 or attached to the con- 
tainer 20 by any of the known methods. The top portion 
20a of the container 20 is then brought into proximity 
with the sealing head 120, preferably within a recessed 
portion 125 of the sealing head 120 such that an elec- 
tromagnetic flux 148 (Fig. 4b) produced by the sealing 
head 120 is directed toward tiie top portion 20a. 

When the electromagnetic flux passes through the 
foil liner 23. a cunent is produced in the foil liner 23 
causing It to heat. The heating of the foil liner 23 causes 
the plastic itiaterial of the container lip 24 to heat and 
melt such that the container lip 24 fuses with the foil 
liner 23. When the plastic material of the container tip 24 
cools, the container 20 Is sealed, for example, leak 
proof sealed, hermetically seated, tamper evident 
sealed, or tamper-proof sealed, whichever is prefen-ed. 
The container 20 can be hermetically sealed by any of 
the known methods. If the wax compound 22 and 
papertx)ard portion 22a are used, the wax compound 
22 also heats and melts in response to the heated foil 
liner 23. thereby releasing the foil liner 23 from the 
papert)oard portion 22a. 

The sealing head 120 includes a coil heatsink 122 
having fins 123 extending upwards and away from heat 
generating portions of the sealing head 120 which will 
be described In more detail below. Further, the sealing 
head 120 includes a frame 124. preferably plastic, cou- 
pled to the heatsink 122. 

Disposed within the frame 1 24 are a ferrite core 126 
(preferably formed of individual cores 126a. 126b, 126c) 
and a titz wire coil 128 disposed adjacent to the fenite 
core 126. As will be described In more detail below, the 
titz wire coil 128 is disposed around or proximate to the 
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ferrite core 1 26 to channel the electromagnetic field and 
direct the field flux 148 (Fig. 4b) towards the foil liner 23 
for pioper performance. The (itz wire 128 is coiled 
around the ferrite cae 126 such that the electromag- 
netic field developed around the Ittz wire 128 is chan- 
neled into the ferrite core 126. 

Shims 132. preferably aluminum, may be disposed 
between the ferrite core 126 and the frame 124 to prop- 
erly position the ferrite corei. 126 within the frame. The 
fen^ite core 126 is operatively coupled to the underside 
of the coil heatsink 1 22 and may be operatively coupled 
to the shims 132 (if used). 

Sealing tape 130 may be disposed at the corners of 
the fen^ite core 1 26 in order to prevent seepage of a pot- 
ting compound 136 described below. Further, an electri- 
cally insulating and thermally conductive pad 134 may 
be disposed on the surface of the fenite core 126 to 
electric€illy insulate the litz wire 128 from the ferrite core 
126. 

Preferably, the litz wire 128 includes thousands of 
individually insulated electrical conductors surrounded 
by an insulating sheath (not shown), made from polyeth- 
ylene, polypropylene, teflon, or the like, which also elec- 
trically insulates the litz wire 128 from surrounding 
staictures. including the fenite core 126. Therefore, it is 
preferred that the sealing head 1 20 does not include the 
electrically insulating pad 134 in favor of the insulating 
sheathing directly on the litz wire 128. 

A potting compound 136 is introduced into the area 
of the seating head 120 defined by the frame 124. the 
ferrite core 126 and the litz wire coil 128 to lock the ele- 
ments together and rigidly maintain the form of the 
structure. 

Reference is now made to Fig. 3a which shows a 
cross-sectional view of an alternative embodiment of 
the sealing head 120 of the present invention. The seal- 
ing head of Fig. 3a is adapted to receive containers 20 
having different sized caps 21a. 21b. 

In particular, the seating head 120 includes a 
stepped portion 125a within tiie recess 125. The 
stepped portion 125a includes a first lower opening por- 
tion 125b and a second upper opening portion 125c 
where the first opening portion 125b is larger than the 
second opening portion 125c. Containers 20 having 
larger caps 21b may be placed within the first opening 
portion 125b and containers 20 having smaller caps 
21a may be placed within the second opening portion 
125c. Thus, the cap 21 may be received in the recess of 
the sealing head 120 and be subject to an optimal 
amount of etecti^omagnetic flux, irrespective of the size 
of the cap 21. 

As shown in Figs. 3 and 3a, the ferrite core 126 is 
adapted to provide a tunnel or a U-shaped recess 125 
to receive the container 20. In particular, the ferrKe core 
126 provides a substantially horizontally directed por- 
tion 140. two oppositely disposed and substantially ver- 
tically directed portions 142 extending from respective 
edges of tiie horizontal portion 140, and a center spine 



portion 126c extnding substantially vertically from the 
horizontal portion 140 but between the oppositely dis- 
posed vertical portions 142. 

H has been found that containers 20 having smaller 

5 caps 21a receive an improved amount of flux when per- 
mitted to move into the second opening portion and 
attain closer proximity to the center spine portion 126c. 

It has also been found that employing inwardly 
directed cores 126b (Fig. 3a) from the lower edges 144 

10 of tiie oppositely disposed vertical portions 142 direct 
the flux toward the container 20 in such a way as to 
improve the heating of ttie foil liner 23. 

Reference is now made to Figs. 3b-3d which show 
alternative embodiments of the sealing head 120 of the 

15 present invention. The seating heads 1 20 of Figs. 31>3d 
are adapted to receive containers 20 having relatively 
vsnde caps 21 , as wide as about 120 mm or more. These 
wide caps 21 also include relatively wide foil liners 23 
(not shown). It has been found that wider foil liners 23 

20 heat more effectively when the vertical distance D from 
. the center spine portion 126c to tiie inwardly cBrected 
portions 126b is relatively small. When the vertical dis- 
tance D is small, the flux tines of the field are relatively 
shallow and substantially horizontally directed toward 

25 the foil liner 23. Thus, relatively shallow flux tines are 
attained by ananging the ferrite core 1 26 to form a wider 
and shorter cross-sectional sealing head 120. 

Consequently, tiie litz wire coil 128 of tiie sealing 
head 1 20 of Fig. 3b is arranged to be flat against the 

30 upper portion 140 of the fenite core 126 and the U- 
shaped recess 125 for receiving the cap 21 is shallower. 
Figs. 3c and 3d show fenite core 126 designs having 
even smaller vertical distances D, where, in the design 
of Fig. 3d, the distance D is dose or equal to zero and. 

35 therefore, the sealing head 120 does not include a U- 
shaped recess at ail. 

Reference is now made to Figs. 3e-3g which show 
furtiier alternative embodiments of the sealing head 120 
of the present invention. The sealing heads 120 of Figs. 

40 3e-3g are adapted to receive containers 20 having rela- 
tively nanow and tail caps 21. such as "mustard" caps 
21c for use on mustard containers, pull-open caps 21 d 
(for use on water bottles, sports botties, or the like) or 
other types of relatively tad and narrow caps 21 . These 

45 narrow caps 21 also include relatively narrow foil liners 
23 (not shown). It has been found tiiat narrow foil liners 
23 heat more effectively when tiie vertical distance D 
from the center spine portion 126c to the inwardly 
directed portion 126b is relatively large. When the verti- 

50 cal distance D is relatively large, tiie flux lines of tiie field 
are relatively deep and substantially vertically directed 
in relation to tiie cap. This orientation of the flux lines 
has been formed to more effectively couple to the foil 
liner 23. Thus, relatively deep and substantially verti- 

55 cally directed flux lines are attained by arranging tiie fer- 
rite core 126 to form a taller and narrower cross- 
sectional sealing head 120. 

Consequently, the litz wire coils 128 of the sealing 
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heads 120 of Figs. 3e-3g are arranged to be spaced 
substantially downwardly from the i^er portion 140 of 
the ferrite core 126 and against the vertically directed 
portions 142 of the ferrite core 126. Thus, the U-shaped 
recess 125 for receiving the cap 21 is substantially 5 
deeper. 

Fig. 5a shows a preferred construction for the ferrite 
core 126 in accordance with the invention, although it 
should be realized that any ferite core arrangement can 
be utilized just so long as it directs the electromagnetic 10 
field towaid the foil liner 23 to heat the foil liner 23. It is 
prefen-ed that the ferrite core 126 be constructed from 
both "E" cores 126a and "i" cores 126b where the cores 
126a, 126b are alternated and abutted to produce the 
final shape of the fen-ite core 1 26. although all "E** cores is 
126a or all T cores 126b can also be used. In the pre- 
ferred embodiment of the present invention, about fifty- 
six (56) "I" cores 126b and about forty-eight (48) "E" 
cores 126a are employed to produce the ferrite core 
126. The "E** and cores can be obtained from any of 20 
the known suppliers. 

As shown in Fig. 5b, a top view of a first layer of 
cores 126a, 126b of the ferrite core 126 (i.e., the upper 
portion 140 of the ferrite core 126) reveals the specific 
an^angement of "E" cores and T cores. The arrange- 2S 
ment from left to right in the figure is as follows: an T 
core 126b. two opposKely disposed and abutting "E" 
cores 126a. two more oppositely disposed and abutting 
"E" cores 126a, followed by an "1" core 126b. Fig. 5c 
shows a side view of the ferrite core 1 26 where, from top so 
to bottom, alternating "I" cores 126b and "E" cores 126a 
are arranged to form the ferite core 126. As is best 
seen In Fig. 5a, "r cores are disposed on the upper por- 
tion 140 of the ferrite core 126 to form the center spine 
portion 126c. 35 

With reference to Figs 3-3g and in light of the above 
teaching, it is noted that the arrangement of "l" and "E" 
cores 126a, 126b may be adjusted by those skilled in 
the art to achieve a desired form of the ferrite core 126. 
It Is also noted that Fig. 5a shows yet another contem- 40 
plated configuration of the lltz wire 128. 

Reference is again made to the specific orientation 
of the "E" cores of Figs. 5b and 5c. As, shown, slots 127 
are formed in the ferrite core 1 26 as a result of the opp>o- 
sitely atmtting arrangement of the "E" cores 126a. One 4$ 
Important feature of the slots 1 27 is that they provide an 
enlarged aggregate surface area from which to remove 
heat from the ferrite core 126. Indeed, ferrite material is 
not particularly conducive to conducting heat and the 
inclusion of slots 127 provides a useful means for so 
removing heat from the ferrite material 126. It is noted 
that the "E" cores 126a are manufactured with the slots 
127 therein; however, the particular arrangement of the 
slots 127 as shown in Figs. 5b and 5c insures that the 
slots 127 form a "channel" which is directed to or ss 
towards the heatsinK 122. 

The slots 127 may be filled with a high aluminum 
content, thermally conductive material to provide a path 



for heat to be canried from the ferrite core 126, specifi- 
cally the "E" cores 126a and T cores 126b. to the heat- 
sink 122. It is most preferred that the slots 127 be filled 
with a ceramic material, such as Aremoo CERAMA- 
CAST~ 510 powder (wNch is mixed with water and 
applied using the directions on the container thereof) or 
other suitable materials. The CE RAM AC AST™ 510 
powder may be obtained from Aremco Products, Inc. or 
from any of the loiown suppliers. 

Alternatively the slots may be filled with a potting 
compound 136 which is suitable for both: (i) providing a 
thermally conductive medium through which, heat is 
transferred from the surface area within the slots 127 of 
the fen^ite core 126 to the heatsink 122; and (ii) locking 
the frame 124, the fenrite core 126 and the litz wire coil 
128 of the sealing head 120 together to rigidly maintain 
the form of the structure. 

Further, the slots 127 may be left substantially 
devoid of nr\aterials (i.e., filled with air) because the slots 
127 would still communicate with the heatsink 122 and 
transfer heat thereto. 

H is also noted that the slots 127 shouM be oriented 
In a direction which is parallel to the direction of propa- 
gation of the field flux within the ferrite core 126. This 
insures that the field flux within the fen-ite core 1 26 is not 
unnecessaiily impeded. 

In the construction of the sealing head 1 20. it is pre- 
ferred that the fenite cores 126a. 126b are first bonded 
to a slab of heat conductive material, for example alumi- 
num. The heat conductive material may be the heatsink 
122 itself, however, it is most pretended that the fen-ite 
cores 126a, 126b are first bonded to a separate alumi- 
num slab (not shown) which is later mounted to the 
heatsink 122. 

If the aluminum slab is used, a first layer of fen-ite 
cores 126a, 126b (Fig. 5b) are bonded to the aluminum 
slab using an appropriate epoxy material, such as 
Aremco No. 568 two part epoxy (applied and cured as 
directed on the containers thereoQ or other suitable 
materials. The Aremco No. 568 two part epoxy is alumi- 
num filled fa better fen^tte-to-aluminum bonding. 

Next, the femte core 126 is further assembled to 
include additional ferrite cores 126a. 126b which are 
bonded to the first layer of ferrite cores 126a, 1 26b (Fig. 
5a). It is preferred ttiat the ferrite-to-femte bond be 
accomplished using an epoxy material, such as Aremco 
No. 631 two part epoxy (applied as directed on the con- 
tainers thereof) or other suitable materials. Thus, the 
basic shape of the ferrite core 126 as shown in Fig. 5a 
is achieved. 

At this point in the assembly of the sealing head 
120. the slots 127 of the ferrite core 126 are filled with 
the thermally conductive ceramic material as described 
above. 

Next, the litz wire 128 is disposed adjacent the fer- 
rite core 126 as shown In Fig. 4a, i.e., in a colled 
arrangement. It is noted that, for a conveyor system 10 
(Fig. 1 ). the ferrite core 126 may be more elongate than 
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that shown In Rg. 4a; however, it is understood that the 
length of the ferrite core 126 may be readily sized by 
one skilled in the art. The Ittz wire 128 is preferably 
bonded to the ferrite core 126 using a suitaidle epoxy 
nnaterial. for exarrple Afemco No. 526N two part epoxy $ 
(applied and cured as directed on the packages thereof} 
or other suitalDle materials. 

As discussed above, sealing tape 130 (Fig. 3) may 
be disposed at the corners of the ferrite core 126 (in 
order to prevent seepage of a potting compound 136 io 
described below) and an electrically insulating and ther- 
mally conductive pad 134 may be disposed on the sur- 
face of the ferrite core 1 26 (to electrically insulate the litz 
wire 128 from the ferrite core 126) prior to bonding the 
litz wire 1 28 to the ferrite core 1 26. As discussed above, is 
however, it is preferred that the sealing tape 130 and 
pad 134 be omitted. 

Next» the potting compound 136 is introduced into 
the area of the sealing head 120 defined by the frame 
1 24, the ferrite core 126 and the litz wire coil 1 28 to lock so 
the elements together and rigkily maintain the form of 
the structure. This is accomplished by any of the known 
methods, for example, by introducffig a polyethylene 
mold into the area to define the outside surface contour 
of the potting compound 136 and then pouring the pot- 25 
ting compound 136 into the area. With reference to 
Figs. 6a and 6b. it is preferred that the frame 124 is first 
filled with the potting compound 136 and then the frame 
124 is moved over the ferrite core 126 and litz wire 128 
subassembly to form the completed sealing head unit 3o 
120. 

Referring now to Figs. 2a through 2d, a power sup- 
ply 109 (shown in Fig. 2d), which includes solid state 
switching components and control circuitry, provides 
driving cunent to the sealing head 120. The capacitor as 
106 provides a source of capacitive reactance (C) for 
developing an LCR circuit with the resistance (R) and 
inductance (L) of the litz wire coil 128 and ferrite core 
126. The transformer 108 properly matches the voltage 
and current sourced from the switching components of 40 
the power supply 109 to^e LCR circuit. 

The power supply 109 generates high frequency 
currents within the litz wire coil 128 of the sealing head 
120 to produce an electromagnetic field of sufficient 
strength to cause the foil tiner 23 of the container 20 to 45 
heat (Fig. 3). The power supply should deliver about 2 to 
.4 kilowatts of power to the sealing head 120 in order to 
properly seal the container 20. 

The present inventton may be driven by prior art 
power supplies (which include control electronics and so 
solid state switching components). For example, the 
power supply from the 2KW COMPAK^** System Induc- 
tion Seal Cap Sealer of Enercon Industries Corporation. 
Menomonee Falls. Wl. may be used to drive the sealing 
head 120 of the present invention, although some mod- 55 
ifications may be necessary. When using the Enercon 
COMPAK^" System power supply the sealing head 120 
of the present invention may be driven using either the 



Enercon COMPAK™ System's capacitor and trans- 
fomier or the capacitor 106 (preferably 1 uF) and the 
transformer 108 (preferably having a step down ratio of 
6:1) of the present invention. 

The present invention contemplates using power 
supplies which deliver substantially higher currents 
(preferably 4 times higher than the prior art power sup- 
pGes) to the litz wire coil 128 because the litz wire coil 
128 has superior current handling properties over the 
prior art water cooled coils. The specific advantages of 
using a litz wire coil 128 are discussed in more detail 
below. 

It is noted that the series LCR circuit has a Q factor 
which is a function of the specific values of the Induct- 
ance (L) of the litz wire coil 128 and ferrite core 126 
combination, the capacitance (C) of capacitor 106 and 
the resistance (R) of the litz wire coil 128. The transfer 
function of the LCR circuit has a peak gain value at res- 
onance which increases with increased Q. Since, in an 
LCR tuned circuit (as is present in the sealing head 120 
of the preferred embodiment of the present invention) 
the Q factor is Inversely proportional to R, the Q factor of 
the sealing head 120 is much higher than the Q factor of 
conventional sealing heads. 

Consequently, there is very little margin for error in 
providing an alternating current having a proper fre- 
quency to the tuned LCR circuit Indeed, as the fre- 
quency of the delivered cun^ent moves away from the 
resonance value of the LCR circuit, the gain of the LCR 
circuit is greatly reduced and the current falls below that 
which is necessary to produce desired heating of the foil 
liner 23. It is noted that the prior art sealing heads also 
have Q factors, however, such Q factors of the prior art 
. are much lower than that of the preferred embodiment 
of the present invention. 

Therefore, it is prefened that the electronics. specK- 
ically the control electronics of the power supply, contain 
circuitry which maintains the frequency of the delivered 
current to the sealing head 120 (specifically, the LCR 
circuit) at or near resonance. 

Reference is now made to Fig. 7 which shows a 
block diagram of a preferred power supply 200 for driv- 
ing the sealing head 120 of the present invention. The 
power supply 200 includes a power stage 210 (having 
the solid state semiconductor components therein, i.e., 
the half bridge driver 21 8) and control circuitry (having a 
current sense transformer 212, a cunrent control circuit 
214 and a voltage controlled oscillator (VCO) 216 
therein). 

The operation of the power supply 200 will now be 
described. The current in the primary of the transformer 
1 08 is sensed by the current sense transformer 212 and 
is delivered to the current control circuit 214. Thus, the 
current control circuit 214 utilizes a signal which is indic- 
ative of the cunrent which flows in the sealing head 120 
(specifically, the tuned LCR circuit). The current control 
circuit 214 outputs a signal on line 214a which changes 
H the current in the sealing head 120 deviates from an 
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optimal level. The signal on line 21 4a controls the output 
frequency of the VCO 216. 

, The VCO 216 controls the switching characteristics 
of the haK bridge driver circuit 218, which circuit 218 
controls the frequency of the current deBvered to the 
transfamer 108 and, uttimateiy, the frequency of the 
cunent delivered to the sealing head 120. Thus, the out- 
put frequency of the power si^sply 200 is a function of 
cunrent flow in the sealing head 120. As discussed 
above, if the frequency of the current delivered from the 
power supply 200 deviates from an optimal level, the 
cunent in the sealing head will vary greatly (due to the 
high Q of the LCR circuit). However, the control circuit of 
the power supply 200 maintains the current In the seal- 
ing head 120 at a desired level (by controlling the fre- 
quency of the current delivered thereto) even if the Q of 
the LCR circuit drifts or the output frequency of the 
power supply 200 attempts to deviate from an optimal 
value. 

Figs. 8a-8c are included to show specific circuit dia- 
grams of electronics which can produce the function of 
the power supply 200 as described above. It is noted 
that the specific circuit components and interconnec- 
tions shown in Figs. 8a-8c merely represent one waka- 
ble emtx)diment of the power supply 200 and the 
invention is in no way limited thereby. 

Referring no to Fig. 4a. the litz wire coil 128 is dis- 
posed around the ferrite core 126 to channel the elec- 
tromagnetic field and direct the field flux 146 (Fig. 4b) 
towards the foil liner 23 for proper performance. The litz 
wire 128 is coiled around the ferrite core 126 such that 
the electromagnetic field developed around the litz wire 
128 is channeled into the ferrite core 126. The position- 
ing and shape of the ferrite core 126 within the frame 
124 directs the electromagnetic field to propagate near 
an end of the container 20 to be sealed (Figs. 3-3g and 
4b). 

The high currents flowing in the litz wire coil 128 
and the resultant high electromagnetic field which is 
concentrated within the fenrite core 126 cause an eleva- 
tion In the temperatures of the coil 128 and the core 126 
which results in an overall rise in the temperature of the 
sealing head 120. The coil heatsink 122 operates to dis- 
sipate the heat that is generated within the fenite core 

126 and the litz wire coil 128. As discussed above, the 
ferrite core 126 is advantageously provided with slots 

127 which are preferably filled with a high thermal con- 
ductivity ceramic material to carry heat from the ferrite 
core 126 to the heatsink 122. 

Advantageously, the litz wire coil 128 has a very low 
resistance to the flow of current therein as compared to 
conventtonal copper tubing used in prior art devices. 
More specifically, since high frequency cunrents tend to 
flow near the surface of wire (known as the "sWn effect") 
the use of multi-strand litz wire in the coil 128 reduces 
the resistance of the coil 128 to current flow. Litz wire 
having about 4,000 strands of individually insulated 
conductors have been available commercially However, 



it is most preferred that litz v^re having about 10,000 
insulated strands therein be used in the litz wire core 
128. Such 10.000 strand litz wire can be made by any of 
the known suppliers. 

5 Thus, in accordance with the preferred embodiment 
of the present invention, the litz wire coil 128 is sized 
such ttet the effective resistance per unit length is only 
about 0.1-0.01 of the resistance per unit length of the 
copper tubing of the prior art. Consequently, the heat 

10 produced within the litz wire coil 1 28 (due to I^R losses) 
is reduced by a factor of 10-100 and water cooling of the 
sealing head 120 is not required. Indeed, the coil heat- 
sink 122 provides all the heat dissipation necessary to 
safely and efficiently operate the induction sealing unit 

15 100. 

With reference to Fig. 2a. in ader to enhance the 
operation of the coil heatsink 122 and the safe operation 
of the induction sealing unit 100, heat must be removed 
from the coil heatsink 122 and the housing 102. This is 

20 accomplished by drawing cool air into vent slots 1 12 by 
the fan 104 in the direction shown by arriow A1 . Next, the 
air passes over the capacitor 106 (i.e.. over the fins of 
the heatsink 106a), the transformer 108 and the fins 123 
of the coil heatsink 122 in the direction shown by arrow 

25 A2. The air removes heat from the fins of the heatsink 
106a. the transformer 108 and. most importantly, the 
fins 123 of the heatsink 122. 

The use of the litz wire coil 128 improves the effi- 
ciency of the sealing head 100 and reduces the amount 

30 Of heat that must be removed from, for example, the 
capacitor heatsink 106a and the coil heatsink 122. Con- 
sequently, the capacitor 106. the coil 128 and ferrite 
core 126 may be cooled using only air, which is^an 
advantage over the water cooling of the prior art. 

35 The air that has passed over the heatsink fins 123 
then moves into an upper volume 100a of the induction 
sealing unit 100 in the direction shown by arrow A3. It is 
preferred that the power supply (control electronics and 
solid state switching components) be disposed in the 

40 upper volume 1 00 of the sealing unit 100. 

. ' Next, the airmsves across the uppor volume 100 of 
the sealing unit 100 in the direction of arrow A4 (prefer- 
ably removing heat from the power supply 109). Lastly, 
the air moves past a baffle member 1 13 in the direction 

45 shown by arrow AS and through opening 114 into the 
atmosphere. Thus, heat generated by the sealing head 
120 is removed therefrom, thereby maintaining the seal- 
ing head 120 at a safe operating temperature without 
requiring water cooling as in the prior art. 

so Refening again to Fig. 2a, a second fan (not shown) 
may be disposed in the upper volume 100a of the seal- 
ing unit to assist in moving the air in the direction of 
arrow A4. Refen^ing now to Fig. 2c, in an alternative 
embodiment, two fans 104a and 104b are disposed in 

55 the lower 100b and upper volumes 100a of the sealing 
unit 100. respectively Fan 104a pulls air A1 into vent 
slot 112 and blows the air in the direction of arrow A2 
and out a vent at the right side of the sealing unit 1 00 so 
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that the air may exK the sealing unit 100 at A3. Fan 1 04b 
pulls air A4 into vent 8lot 114 and l3lows the air in the 
direction of arrow A5 and out a vent at the right side of 
the sealing unit 100 so that the air may exit the sealing 
unit 100 at A6. 

With the design of Fig. 2c. pre-heated air Is not 
transferred from the lower volume of the sealing unit 
100 to the upper volume. Rather, cool air is ir^epend- 
ently drawn into the upper and lower volumes of the 
sealing unit 100 by way of fans 104a and 104b. respec- 
tively. This is advantageous because hot air is not car- 
ried to the power supply 109 which would heat the 
power supply unnecessarily. 

Fig. 2d shows another alternative design for cooling 
the sealing unit 100. The design shown in Fig. 2d is 
depicted from the opposite side of the sealing unit 100 
than that shown in Figs. 2a and 2c. The design of Fig. 
2d also utilizes two fens 1 04a and 1 04b in the upper and 
lower volumes 100a, 100b of the sealing unit 100, 
respectively. 

In the sealing unit 100 of Fig. 2c, fan 104a pulls air 
A1 into vent slot 1 12 and blows the air in the direction of 
arrow A2 and out a vent at the opposite side of the seal- 
ing unit 100 so that the air may exit the sealing unit 1 00 
at A3. Fan 104b pulls air A4 into vent slot 1 1 4 and blows 
the air in the direction of arrow A5, over power supply 
electronics 109. and out a vent at the opposite side of 
the sealing unit 100 so that the air may exit the sealing 
unit 100 at A6. 

As was the case with the design of Rg. 2c. in the 
design of Fig. 2d pre-heated air is not transferred from 
the lower volume of the sealing unit 100 to the power 
supply electronics 109 in the upper volume. Rather, cool 
air is independently drawn into the upper and lower vol- 
umes of the sealing unit 100 by way of fans 104a and 
104b. respectively.. 

The sealing head 100 Fig. 2d may include a stall 
sensor 150 for detecting whether the conveyor 400 has 
stopped and whether cunent delivery to the coil 128 
should be interrupted. The sealing head 100 of Rg. 2d 
may also include a missing foil detector 1 52 and a bottle 
counting sensor 154 as is known in the art. 

The foregoing description of the preferred embodi- 
ment of the invention has been presented for the pur- 
poses of illustration and description. It is not intended to 
be exhaustive or to limit the invention to the precise form 
disclosed. Many modifications and variations are possi- 
ble in light of the above teaching. 

Claims 

1 . A cap sealing unit, comprising : 
a frame: 

a ferrite core disposed within the frame; and 
a litz wire coil disposed proximate to the ferrite 
core for producing an electromagnetic field 
within the fenrite core, the fenite core and litz 



wire coil being adapted to direct the electro- 
magnetic field toward a foil to seal an opening 
of a container with the foil. 

5 2. The cap sealing unit of datm 1. wherein the foil is 
electrically conductive. 

3. The cap sealing unit of claim 1. wherein the field 
causes the foil to heat and fuse to the container. 

70 

4. The cap sealing unit of claim 1. wherein the field 
causes the foil to heat and melt the container proxi- 
mate to the opening to fuse the foil to the container. 

15 5. The cap sealing unit of claim 1 , wherein the litz wire 
coil IS substantially filled with strands of 6ut)stan- 
tially fine, individually insulated conductors. 

6. The cap sealing unit of claim 5, wherein the litz wire 
20 coil includes about 10,000 strands of substantially 

fine, individually insulated conductors. 

7. The cap sealing unit of claim 6. wherein the litz wire 
coil includes an insulating sheath which substan- 

25 tially encapsulates the sti^ands such that the 
strands are electrically insulated from the fenite 
core, 

8. The cap sealing unit of claim 7. wherein the insulat- 
30 ing sheath is formed of polyethylene, polypropylene 

or teflon. 

9. The cap sealing unit of claim 1 , wherein the resist- 
ance per unit length of the litz wire coil is about 0.1 

35 to 0.01 of the resistance per unit length of copper 
tubing. 

10. The cap sealing unit of daim 1, wherein the ferrite 
core and litz wire coil are adapted to form a sub- 

40 stantially U-shaped recess for receiving the con- 
tainer. 

11. The cap sealing unit of claim 10. wherein the U- 
shaped recess forms a tunnel. 

45 

12. The cap sealing unit of claim 10, wherein the ferrite 
core of the U-shaped recess comprises: 

a substantially horizontally directed portion; 

so and 

two oppositely disposed and substantially verti- 
cally directed portions extending from respec- 
tive edges of the horizontal portion, the 
vertically directed portions being adapted to 

55 direct tiie electromagnetic field toward the con- 

tainer. 

13. The cap sealing unit of claim 12, wherein the fenite 
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core further comprises a center spine portion 
extending substantially vertically from the horizon- 
tal portion but between the oppositely disposed ver- 
' tical portions. 

14. The cap sealing unit of claim 12, wherein the ferrite 
core further comprises at least one inwardly 
directed portion extending from the tower edge of at 
least one of the oppositely disposed vertically 
directed portions, the inwardly directed portion to 
being adapted to direct the field toward the con- 
tainer. 

15. The cap sealing unit of claim 13. wherein a vertical 
distance from the center spine portion to the is 
inwardly directed portion is relatively small for wide 
foils and relatively large for narrower foils. 

16. The cap sealing unit of claim 10, wherein the U- 
shaped recess is adapted to receive container 20 
openings of different sizes. 

17. The cap sealing unit of claim 16, wherein the Li- 
shaped recess includes a stepped opening having 

a first larger opening and a second smaller opening 25 
to receive containers of different sizes. 

18. The cap sealing unit of claim 1. wherein the ferrite 
core comprises a plurality of individual ferrite cores 
arranged in proximity to one another. 30 

1 9. The cap sealing unit of claim 1 8. wherein the plural- 
ity of ferrite cores include E cores or I cores. 

20. The cap sealing unit of claim 19» wherein the cores 35 
are disposed on a thermally conductive plate. 

21. The cap sealing unit of claim 20. further comprising 
a heatsink operativety coupled to the plate and 
adapted to draw and dissipate heat from the plate. 40 

22. The cap seating unit of claim 18. further including a 
heatsink coupled to the frame, wherein at least 
some of the ferrite cores are operativety coupled to 

the heatsink for transfenring heat thereto. 45 

23. The cap sealing unit of daim 22, wherein the heat- 
sink includes fins for transferring heat from the 
heatsink to air passing over the fins. 

so 

24. The cap sealing unit of claim 23. further comprising 
a housing, the heatsink extending at least partially 
into the housing. 

25. The cap sealing unit of claim 24. further comprising ss 
a first fan coupled to the housing for blowing air over 

the fins. 



26. The cap sealing unit of daim 25. wherein the first 
fan pulls air through an opening in the housing such 
that the air flows over the fins of the heatsink and 
then out through a vent In the housing. 

27. The cap sealing unit of daim 26. wherein the first 
fan is cfisposed in a lower volume of the housing. 

28. The cap sealing unit of daim 27. further comprising 
a second fan disposed in an upper volume of the 
housing. 

29. The cap sealing unit of daim 1, further comprising 
a detector adapted to determine whether the foil Is 
missing from the container. 

30. The cap seating unit of daim 1, further comprising 
a counter adapted to determine how many contain- 
ers have been seated. 

31 . The cap sealing unit of daim 1 . wherein the sealing 
unit is adapted to move the container in proximity 
with the electromagnetic field, the sealing unit fur- 
ther comprising a detedor adapted to determine 
whether the seating unit cannot move the container. 

32. A cap sealing unit, comprising: 

means for producing an electromagnetic field; 
means lor directing the field toward an electri- 
cally conductive foil to seal an opening of a 
container with the foil; and 
means for cooling the cap sealing unit without 
using water. 

33. The cap sealing unit of claim 32, wherein the 
means for producing an eledromagnetic field 
includes a titz wire coil. 

34. The cap sealing unit of claim 32, wherein the 
means for directing fiie electromagnetic fi^d 
includes a ferrite core. 

35. The cap sealing unit of claim 32. wherein the 
means for cooling the cap sealing unit uses air. 

36. The cap sealing unit of claim 35. wherein the 
means fa cooling the cap sealing unit includes a 
heatsink. 

37. A method for sealing an opening of a container with 
a foil, the method comprising the steps 

of: a) produdng an eledromagnetic field with a 
source; 

b) directing the electromagnetic field toward an 
electrically condudive foil to seal an opening of 
a container; and 
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c) cooling the source of the electromagnetic 
field without water. 

38. The method of claim 37. wherein a litz wire coil is 
used in the step of producing the electromagnetic s 

field. 

39. The method of daim 37, wherein a ferrite core is 
used in the step of directing the electromagnetic 
field toward the electrically conductive foil. io 

40. The method of daim 37. wher&n air is used in the 
step of cooling the source of the electromagnetic 
field without water. 

15 

41. The cap sealing unit of claim 10, wherein the con- 
tainer indudes a cap and the U-shaped recess is 
adapted to receive container caps of different sizes. 

20 
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(57) An sealing system includes a frame (124). a 
ferrite core (126) disposed within the trame, and a litz 
wire coil (1 28) disposed proximate to the ferrite core for 
producing an electromagnetic field within the ferrite 
core, where the fenite core and litz wire coil are adapted 



to direct the electromagnetic field toward a foil to seal an 
opening of a container (20) with the foil. The sealing 
head is air cooled within the induction sealing unit. 
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